Biosecurity in China's Animal Agriculture Sector
Animal agriculture in Southern China, and Southeast Asia more generally, has long raised concerns about zoonotic implications, in part because of mixing between farmed species, humans and migratory birds ( History relates similar events for other economies in rapid transition, especially when food chains extend to growing cities so that opportunistic middle agents can take advantage of poorly monitored links in a rapidly reorganizing food system (Collins, 12) . Responses in Europe and North America during the 19 th and 20 th Centuries came in part from the private sector through emphasis on accountability, product branding and food distribution system rationalization. In the public arena, responses came through strengthening fundamental science and the extension of consequent findings to investigate emerging problems. Stronger science also allowed for public and private sector measurement of product attributes to control quality directly and to support prudently designed regulations.
Similar responses can be seen today in China (Gale and Hu, 13) . Concerning melamine in milk, public outrage at and lost profits for companies associated with adulteration has made the industry recognize the need for deep-rooted change (Qian et al., 14) . In 2013 Shuanghui made a bid for the largest U.S. pork producer and processor Smithfield, where a widely reported rationale for the deal was access to Smithfield's brand quality and quality assurance capabilities (Bensinger and Hsu, 15) . Far-ranging government policy responses to the suite of concerns have also occurred, including major regulatory reform and coordinated responses regarding food industry structure (Pei et al., 16; Jia et al., 17) . It is now government policy to encourage larger, more standardized and vertically integrated production systems (Gale et al., 18) .
More broadly, the Chinese government's approach to international cooperation and coordination regarding global health concerns has evolved in the past decade as the country has begun to accept and sought to shape its growing role in international governance of health and product safety (Lo, 19) . The turning point occurred with the SARS epidemic in 2003, followed in 2004 by heightened concerns about Avian Influenza. Chinese authorities came to see that health anxieties could create social panic and destabilization (Morrison, 20; Wishnick, 21) .
Poverty and limited human health infrastructure in rural areas as well as increased mobility between urban and rural areas have exacerbated these concerns (Kaufman, 22) .
Through partnerships, personnel exchanges and participation in surveillance networks, China has sought to share its experiences and better integrate with global preparedness and disease outbreak response efforts (Rambhia and Cicero, 23; Morse, 24) , and has greatly strengthened its human health surveillance and reporting systems (Yang et al., 25) . The People's Republic of China (PRC) has taken full part in the World Organization for Animal Health (OIE) activities since 2007. Comparatively few studies exist in the public domain for bioterrorism and biosecurity challenges that China faces (Huang, 26) , although some work has sought to identify emerging weaknesses in training (Peng et al., 27) . Our interest is in the state and evolution of China's preparedness in the arena of farm animal biosecurity, where published studies are almost non-existent. Given the widely acknowledged need for a global perspective on health biosecurity and aforementioned particular concerns about the human-animal interface in China, this oversight requires attention. We intend to provide context and analysis on the matter.
The paper proceeds with an overview of China's livestock sector, followed by considerations of major diseases afflicting in the sector. We then outline China's animal disease control administration and infrastructure. After explaining the country's disease control policies, we address some weaknesses in the system. The paper concludes with a brief discussion.
FARMED ANIMAL SECTOR
China's animal husbandry sector assumed a free market approach early after the shift toward reform and opening policies in China in 1978, and the sector has developed rapidly since then. the development of an improved animal disease control system should be expedited, investments in system development should be increased, and the compensation mechanism for animals culled due to major diseases should be improved.
2 Table 1 shows changes in production of the major farmed livestock species between 1985 and 2011. Pig and poultry production in China has grown rapidly over the past 27 years, with the number of marketed hogs increasing nearly three-fold and the number of marketed poultry increasing seven-fold over the period. Rate of growth in pig production has slowed since about 2000, in some part due to rising costs and low technical efficiency (Xiao et al., 31) . Although traditionally located along the Yangtze River, see Figure 1 , limited access to feed has meant that this region's hog production share has declined from about 64% to about 40% between 1980 and 2009 (Xiao et al., 31) , with some production relocating to the North and Southeast where imported soybean is easier to obtain.
Since 2007, government policy has emphasized a more industrialized and integrated format, with eventual exit by smaller producers. Hog production policies have included grants for genetic improvement and operation enlargement as well as subsidized insurance and a subsidy per sow (Chen and Wang, 32) . The trend toward larger production units is likely to continue. 3 Egg laying has seen some relocation from North China, around Shandong and Hebei Provinces, toward the South while the egg production chain has become more specialized (Han, 35) . The sector continues to be vulnerable to disease. Following culling losses, market closures and reduced demand arising from the H7N9 bird flu events of April 2013, the government sought to stave off bankruptcies through direct handouts and subsidized loans to poultry breeders and processors.
Ruminant production has increased, but at a slower and more variable rate over the period than has been the case with pigs and poultry. China has not had a strong tradition in milk or beef production or consumption. However, demand for dairy products has expanded with the country's increasing prosperity and awareness of bodily needs for calcium and protein balance.
Demand has been met by imports and domestic production, with a strong government preference for domestic production. In 2011 the country had 7.6 million dairy cows located mainly in the North, just south of Beijing, and the Northeastern provinces ( Figure 1 ). Farms have been small, with average cow inventory at five in 2002, see Table 2 . The melamine scandal was a fundamental shock to the sector, strengthening preferences for imports.
In response, the government sought structural remedies (Dobson et al., 36) as codified in the Dairy Industry Policy Revision of 2009. Similar to hog sector policy revisions, subsidies were provided for promoting the genetic contribution to productivity through animal and semen imports. Vertical integration is being encouraged, in part so that milk production can be better monitored by processors and by the authorities. In particular 'cow hotels' are supported where small producers and their cows would relocate to centralized facilities in which resources could be shared and technology transfer could presumably occur more rapidly (Mo et al., 37) .
International investment that fosters consolidation and best management practices in domestic production are also encouraged. As for other animal products, drivers for these changes have been concerns about food security and quality assurance. Adulteration and other quality concerns have been central motivations for the policy push, while animal and zoonotic disease concerns are barely mentioned. One wonders about how the prevalence of brucellosis, bovine tuberculosis and Johne's disease have been affected by cow hotels?
Over the past 30 years, unit scale of production on China's livestock farms has increased significantly and large-scale animal farmers have gradually replaced small holders. The number of farm households has decreased while the amounts of all kinds of livestock have increased. Table 3 .
However, income from animal husbandry as a share of total net income from agriculture has remained at about 20% between 1991 and 2011. Income per unit output has declined, reflecting financial stress among those small-scale farmers that remain in production. Table 3 also shows that the proportion of income derived from animal husbandry in total net income to farm households has dropped markedly between 1991 and 2011. This is mainly because income to farm households from non-farming sectors has increased over time, reflecting rural migration and local off-farm labor.
OCCURRENCE OF MAJOR ANIMAL DISEASES
Perhaps because of trade isolation for much of the 20 th Century, China has had a comparatively good record on many globally problematic animal diseases. For example, China has never had a confirmed case of scrapie, bovine spongiform encephalopathy, African horse sickness, African swine fever, vesicular stomatitis, lumpy skin disease or rift valley fever. 4 However, there is much internal trade in livestock and livestock products. Given the state of infrastructure, it should be no surprise that major animal diseases have frequently broken out and spread. These China had for many years adopted strict measures to keep animal epidemics confidential.
Thus it is difficult to assess the historical extent of disease control and management efficacy.
Since the early 1980s information on most, but by no means all, animal epidemics has been made public. Due to concerns about poor transparency regarding animal diseases, many countries continue to bar livestock product imports from China (Zhao, 41) . The official channel for disclosing epidemic diseases in China is the Veterinary Bulletin of the Ministry of Agriculture (MoA). Initiated in 1999, the Bulletin discloses monthly the occurrence of major animal diseases in China. Table 4 presents nationwide data reported in the Bulletin on the number of cases of six major diseases nationwide during 2000-'11. Five of these are Class A animal diseases in China while brucellosis is a Class A human disease. to face significant animal disease challenges, its government has sought to strengthened animal disease control and this is reflected in successes against several major diseases.
LEGAL AND INSTITUTIONAL STRUCTURE
China is firmly committed to developing a comprehensive veterinary regulatory and legal system, see 
ANIMAL DISEASE CONTROL POLICY

Approaches to control
In line with the National Long and Middle-term Animal Disease Control Plan for 2012-2020, the general approach across major diseases is that infectious animal disease control in China advance from blanket vaccination to near disease-free with vaccination and, relying on 1997 quarantine regulations, from there to disease-free without vaccination. In terms of scope of control, it is intended that a regionalized approach to endemic disease control will be followed for diseases where such an approach is practical. Commencing with disease-free regions, the intent is to expand geographically toward disease-free at the national level (State Council, 45).
Heavy reliance on vaccination can be problematic for many diseases, including FMD. Multiple 
ISSUES FOR ANIMAL DISEASE MANAGEMENT
Animal disease control programs in China are intended to first establish effective disease control and eradication. But these are not the only goals that China's public animal health administration seeks to address. As is the case with many other countries, a fundamental change in the mission of China's veterinary medicine profession is taking place. A primary focus on cheap protein is being replaced by a broader view that also includes animal well-being, food safety and public goods in line with evolving commercial contracts, international standards and domestic civic concerns. Consistent with its rapid growth and increasing presence in international food markets, China's imperative to upgrade public animal health infrastructure has been far stronger than for most countries. Outlined below are some specific areas where China's veterinary service and animal disease control system seems to be particularly weak.
Issues related to administration
The Table 5 ). However, basic laws on veterinary licensing are not in place so that professional responsibilities and scope of work have yet to be defined. It is also difficult to preclude entry by those that are not well-qualified. Thus, incentives are weak for practitioners to invest in professional growth or to specialize. In addition, the government does not have available to it advice from a well-motivated professional body concerned with advancing the vocation's performance and contribution to society. 
M) Capital investments not matched with operational support:
As is common through many other parts of the public sector in China and elsewhere, allocations to public animal health often focus on putting infrastructure in place rather than on maintenance or supporting the programs intended for the infrastructure. 9 Recurrent costs for maintenance generally have to be raised by local governments, which is difficult for China's less developed western regions.
Consequently infrastructure is poorly maintained and ineffective in these regions. Some local laboratories are unable to use their facilities when fulfilling their surveillance and survey obligations, dispatching instead their samples for analysis at other institutes.
General issues
N) Further investment needs in diagnosis and allied epidemiology capabilities: While
China's human health disease detection infrastructure has improved markedly in recent years, many analysts hold that important gaps remain. Infrastructure in place is largely for identifying syndromes via public health monitoring, but capability to diagnose the responsible pathogens is limited (Feng et al., 54) . understand is impeded to the extent that the production base is comprised of small, spatially dispersed and heterogeneous firms whose produce is not readily traced. Thus, melamine adulteration and use of illegal additives can go undetected for an extended period because this is not the practice of all firms and even if produce is found to be defective it is difficult to identify the source. Regulators have limited ability to relate cause with effect. There are therefore public needs for capacity to associate produce with producing farm, and to obtain structured information about what happens on farms.
In recent decades, European and North American food processors have sought to protect their reputations for product quality by strengthening information flows from and control over the farms they procure from (Pouliot and Sumner, 56 
DISCUSSION
Periods of rapid industry change almost invariably give rise to concerns about system failure.
Teething problems may arise when firms learn about new technologies used in new contexts.
The mindset suited to the approach being supplanted may not fit the novel approach and a workforce that cannot adapt may need to be replaced if the new approach is to work. In addition, system change-over will involve a protracted period when industry participants are very heterogeneous. During this time the industry may prove difficult to monitor and regulate. There may also be market mediated consequences of change-over. China's melamine adulteration system failure was likely due in part to the profit squeeze faced by small producers when the advent of larger-scale production pushed milk prices down (Yu, 58) .
A separate issue is whether a system of larger-scale production is safer than one of smaller-scale production. This is a complex and multi-faceted matter. Perhaps the largest effect that China's development will have on the health risks its livestock sector poses will arise from the infrastructure that growing wealth can eventually support. The London of Dickens was foul with disease not so much because of overcrowding, but because of inadequate sanitary infrastructure. Potable water and contained sewage systems deny germs the opportunity to spread while demand for live birds would decline were infrastructure sufficient to ensure that wholesome processed animals reach the consumer. 
